Abstract
positive; however, for sulfate particles-which reflect incoming shortwave radiation, and for 1 the increases in OH concentrations-which reduce the CH 4 concentrations, the radiative There have been many previous studies that examined the effect of aviation NOx emissions on Transfer Model (UIUC RTM). While the calculated effects in CAM4 and CAM5 provide a new 10 reference for the aviation NOx-induced effects in comprehensive climate-chemistry models, 11 they also provide a measure for the effects of different oxidative capacity in the models, due to 12 differences in description of the physical processes in the model, and especially due to the stratosphere (50, 250, 500, and 900 hPa) over the 12 areas, which are grouped into three larger 
12
The two model versions are in good agreement at 50 hPa and agree within 10% with the 
21
The overestimate of ozone in the mid-latitudes and tropics in CAM4 was also found in 
25
Of the four pressure levels studied, the models most accurately simulate ozone at the 500 hPa 26 level. The absolute difference in generated ozone is within 11.7% for both models, which is 27 within the variability of the observations. CAM4 slightly overestimates ozone at all but one 28 location. Overall, CAM5 appears to perform better than CAM4 due to a lower percent CAM4 and the Japan region for both models, the seasonal correlation is excellent (0.81 in both
10
CAM5 and CAM4).
11
Overall, both models simulate ozone more accurately in the troposphere than in the UTLS and were taken is also shown in Figure 2 , both the control and perturbed simulations.
17
In comparison to aircraft data, ozone is slightly overestimated in the tropics, especially for the The AEDT NOx emission data used as the input to the model runs had an hourly temporal 4 resolution. The spatial distribution of aviation NOx emissions for 2006 is shown in Figure 3 5 which amounts to 2.7 Tg (NO 2 )/yr. As in Figure 3 , the largest intensity of NOx emissions is in 6 the eastern United States, eastern Asia, and Europe. The local maximum in the eastern U.S. As we analyze the results from the model runs, we use the following chemical reactions for 1 ozone production in the troposphere (Sillman, 2012) :
Ozone destruction in the troposphere, on the other hand, is given by the following reactions 5 (Sillman, 2012):
The impact of aviation induced NOx on ozone results in a net increase in the rate of ozone 10 production with a maximum around 250hPa, and a net decrease in the rate of ozone production 11 ozone below 450 hPa. Within the UTLS region, the rate of ozone loss decreases due to the and loss are larger in CAM5, due to the differences in OH between the models. The net rate of 6 ozone production in CAM5 is higher at cruise altitudes and slightly lower at lower altitudes.
7
The maximum net production of ozone is 1.1×10 20 molecules. Table   1 2). Heterogonous reactions that are included in CAM chemical mechanism are listed in Eq 1-3. of annual mean O 3 in CAM5, the peak is slightly lower in CAM5 compared to CAM4, since 22 the produced O 3 is more distributed towards the surface in CAM5.
2
(Eq 1) 3 (Eq 2) 4 (Eq 3) 5 As such, due to less efficient transfer of NOx to NOy in CAM5 compared to CAM4 there is 6 more nitrogen available in its reactive form (NOx) to trigger the ozone formation reactions in 7 CAM5, resulting in higher aviation NOx-induced ozone perturbation.
23
As shown in Figure 6 , the UTLS ozone perturbation is much greater in July than in January for 24 both models. This is due to differences in the length of daylight between those months, 25 increased photochemistry, and higher aviation NOx emissions in July (as shown in Figure 4 ).
26
The increased daylight allows more photolysis of NO 2 to occur, which generates O 3 (equations 27 14 P5 and P6). Also note the differences in ozone perturbations in the lower troposphere between 1 January and July. In the summer, the ozone perturbation at lower altitudes is weaker due to 2 greater surface deposition and also the shorter photochemical lifetime of ozone through 
HOx

24
The hydroxyl radical (OH) plays an important role in the creation of atmospheric ozone. It is UV actinic flux necessary for OH production is much smaller in the NH.
13
Between the two models, the OH concentration is higher in CAM5 than CAM4. This is a result 14 of higher O 3 production in CAM5. In July, the CAM5 The hydroxyl radical OH is the largest sink of CH 4 in the atmosphere. As the OH concentration 8 is effected by aircraft emissions, so is the methane concentration and its lifetime.
9 Figure 10 shows the aviation induced annual zonal averaged CH 4 loss rate for CAM5 (left) and 10 CAM4 (right). In both CAM5 and CAM4, the change in methane loss is mostly confined to the
11
NH at a location south of the OH perturbation (between 0-30°N). This predominately occurs 12 due to the increase in the methane-OH reaction rate constant with higher temperatures at lower 13 altitudes. As such, in both models the position of the maximum CH 4 loss is below the cruise 14 altitude. As shown in Figure 10 , the CH 4 loss is higher in CAM5 than CAM4 due to the higher 15 production of aviation induced OH in CAM5. 
27
The CAM5 simulated change in CH 4 lifetime is greater than the upper range reported by (compared to 1.0 in CAM4) with a corresponding value of 1.18 ppb in Jan (compared to 1.1 in 4 CAM4).
5
As found in previous studies, the maximum effect from aircraft NOx emissions on ozone is in 6 the NH Upper Troposphere/Lower Stratosphere region. This is due to the high frequency of 7 subsonic aircraft flying in this region. The aircraft-induced ozone perturbation is greater in the 8 NH summer due to the enhanced photochemistry. In January, the ozone perturbation mixes 9 more towards the surface due to the longer photochemical lifetime of ozone and the slower 10 surface deposition rate than in July.
11
The hydroxyl perturbations are located to the south and at a lower altitude than the position of 12 the maximum change in ozone. This is due to the lower zenith angle and increased humidity respectively. Both models agree that the maximum O 3 radiative forcing is between 30-60°N.
20
However, it is interesting to note that it appears that the maximum RF is downwind of a local 21 maximum NOx source.
22
This study is the first evaluation of aviation NOx effects in CAM5 which simulates the size between the two models, the difference between CAM4 and CAM5 ozone responses is 26 considerably smaller than the current estimates of the uncertainty in aviation effects on ozone.
27
The difference in aviation NOx-induced effects between the two models is related to the 28 difference between the two models configuration used in this study (i.e. difference in aerosols 1 treatment). More detailed analyses are required to explore the impact of the differences in the 2 representation of the background atmosphere and treatment of aerosols processes on aviation CAM5 is on the left, CAM4 is on the right. 
